ABSTRACT：A jute fiber surface was modified with argon gas in a cylinder type RF plasma generator to enhance the interfacial bond strength and to optimize the plasma treatment condition. The plasma power, gas pressure, and treat time were varied to figure out any effect of those parameters on the morphology and mechanical strength of jute fibers, and the interfacial bond strength for a model composite with polypropylene resin. As the severity of plasma treatment was increased, the surface of jute fibers became rougher. Gas pressure was less effective in roughening of the surface compared with those of treat time and plasma power. Approximately 25% drop in tensile strength of jute fibers was observed for the parameters of treat time and plasma power, while little deterioration was found for gas pressure, with increasing the severity. Based on the interfacial shear strength (IFSS), the optimum plasma treatment condition was determined to be treat time of 30 s, plasma power of 40 W, and gas pressure of 30 mTorr. 
Ⅰ. Introduction
With the increasing demands for echo-friendly materials and bio-degradability in nature, various attempts have been made in polymer composites of replacing the synthesized fibers from petroleum oils with natural fibers like cellulose, wood, jute, kenaf, and hemp, etc.
1 Even though the carbon and glass fibers have been successfully and widely used as reinforcing materials in polymer composites, they have drawbacks of high cost and more fragile nature causing brittle catastrophic failures compared with those of natural fibers. Since the natural fibers are lower density materials, they can give considerably lightweight composites with highly specific properties such as electrical resistance, fracture toughness, heat resistance and soundproof. 2,3 They also offer significant cost advantages and benefits associated with their processing compared to synthetic fibers. One of the major drawbacks of natural fibers-reinforced polymer composites is their poor interfacial strength between fibers and base polymers because of great difference in hydrophilic nature. For instance, natural fibers are hydrophilic, while polymers resins are hydrophobic. 4 Thus, the surface modification of natural fibers is one of efficient ways to improve the bulk properties of the resulting polymer composites, since the interfacial adhesive strength plays a crucial role in the mechanical performance. Various modification methods have been suggested. and natural fibers like jute fibers. It has been reported that the plasma treatment is efficient in modification of the hydrophilic nature of natural fibers to the hydrophobic nature, which is similar to that of polymer resins. 27, 28 Relatively, little literature is available for the surface modification of jute fibers with plasma. In this study, the plasma etching technique is selected to modify the surface of jute fibers and to give rise to the improvement of interfacial adhesion between jute fibers and polypropylene (PP) resin. The surface characteristics is investigated with Fourier-transform infrared (FT-IR) spectroscopy, scanning electron microscopy (SEM). The tensile strength of jute fibers is measured depending on various conditions of plasma treatments to figure out any deterioration due to the plasma etching. A droplet test is carried out for measuring the interfacial shear strength (IFSS) to optimize the plasma treatment parameters of treatment time, plasma power, and gas pressure.
Ⅱ. Experimental
Natural jute fibers are supplied from Bangladesh and polypropylene (PP, J-170 grade, density of 0.9 g/cm 3 , melt flow index of 28.0 g/10 min, Homan Petrochemical Co. Korea). Ar gas was used as a carrier gas.
The plasma etching was carried out with a cylinder type RF plasma generator (HPPS-300, Hanatek Co. Korea). Figure  1 shows the schematic and real photograph of the plasma machine system which is composed of a tubular type reactor, blade type stirrer, manual impedance matching system and a mass flow controller. Initially the chamber is cleaned by wiping the chamber with an acetone to avoid possible contamination. Jute fibers with the length of more than 6 cm are selected and they are charged in the reactor chamber, and a vacuum is then applied in the chamber. To find out the optimum condition of main parameters for the plasma treatment, treatment time, electrical power, and gas pressure are varied: 30 ~ 120 s, 40 ~ 100 W, 30 ~ 90 mTorr, respectively.
The surface morphology of untreated and treated jute fibers is investigated with scanning electron microscopy (SEM,
